Hospital activity data can be accessed from a variety of sources ranging from hospitals to the Department of Health. These data provide valuable and widely used information, but care is needed in their use and interpretation. Hospital activity rates reflect not only the underlying prevalence and severity of disease, individual factors and referral practices, but also variations related to provider-specific factors: the 'provider effect'. This includes completeness in the data, supply of hospital beds, admission policies, hospital access and distance from hospital. The provider effect can be controlled to a certain extent in statistical analyses. Although data quality has improved considerably in the last decade, this should still be investigated where trusts are being compared and in small area studies because missing data may lead to artefactual differences in rates. 'Dump' postcodes, where missing or unknown postcodes are assigned to a local postcode such as that of the hospital, may affect small area analyses and linkage if a proxy patient identifier is constructed that includes postcode.
Introduction
Hospital activity data are currently used for a wide range of purposes, including policy development; monitoring and evaluation; performance management; resource allocation; public health enquiries such as needs assessments; research; and public and parliamentary accountability. Advantages of using these datasets are that they are relatively comprehensive, comparatively cheap to use and ostensibly similar throughout the National Health Service (NHS). 1 This paper discusses methodological and practical issues in their use and interpretation. It focuses on data originating from hospital-based information systems such as English Hospital Episode Statistics (HES), but findings will apply to similar UK hospital datasets.
How to access hospital activity data
Information on hospital activity can be obtained in a number of formats from a variety of sources:
(1) Published annual reference volumes (ARVs) of HES data.
These data use a 100 per cent sample from 1994/1995 and a 25 per cent sample before this, and are grossed (adjusted to take account of variations in coverage and completeness of diagnostic coding). These are based on the ARVs containing tabulated grossed data at national (England), regional office and Health Authority (HA) level and are free to NHS users. The choice between NWCS clearing house data and HES data will be affected by data requirements and the type of study. Studies needing cleaned data that are consistent with national figures or data before 1996 should use HES data; studies needing the most up-to-date data available should use clearing house data.
Types of analyses
Many analyses conducted using HES will include basic measures such as age-and sex-specific admission rates, cohort analyses and simple time trends. The focus of the analysis may be on specific conditions or treatments, or on administrative information (e.g. length of stay or waiting times), whereas the purpose of the analysis may be to explore one of the following areas:
(1) inequalities (e.g. differences by ethnic group, age or sex); (2) geographical variations (ranging from small area level studies to national); (3) organizational variations (such as NHS Trusts, Local Authorities or HAs).
More complex analyses are possible (e.g. the impact of air pollution on health 2 ), using a range of explanatory variables and an HES-derived variable as the outcome.
Patient admissions, readmissions and episodes
Rates of 'finished consultant episodes' (FCEs) are only an indirect measure for patient admission rates. A good approximation for admissions is to select episodes where the field 'EPI-ORDER'ϭ1 and choose the primary diagnosis field (DIAG_1) as the main reason for admission. Counts of admissions will be increased if patients are discharged early only for them to be readmitted later (discharging patients 'sicker and quicker' 3 ), or if patients go home for the weekend and are readmitted on Monday.
The calculation of the rates of patients admitted in a certain time period or of readmission rates (however defined) requires a patient identifier such as the NHS number (assuming it has been entered correctly) in PAS. This was introduced into HES from April 1997, but to date this field has not been complete enough to use in routine analysis. There was no such personal identifier in previous HES years, but it is possible to approximate a unique patient identifier using date of birth, sex and postcode 4, 5 with at least 90 per cent accuracy (L. Gill, personal communication). This method requires correct data entry and invariance of postcode (less likely in more mobile urban populations). These special analyses can be run (at a cost) for specific data requests (see above).
Activity measures
Options for measures of hospital activity include hospital episodes and hospital admissions (which can be subdivided into emergency, elective or 'other'). Many analyses using HES select emergency admissions, but for some enquiries and/or diagnoses all admissions may be more appropriate, particularly if admissions are being used as a proxy for underlying disease prevalence. For example, an analysis of hospital admissions for respiratory diseases (Table 1) suggested that almost all asthma admissions were emergencies, but only half those for idiopathic fibrosing alveolitis were. It is possible to look at admission rates by specialty of admitting consultant, but specialty codes are not consistently defined between Trusts. 
Outcome measures
Information can be obtained on outcomes of care such as deaths in hospital, length of stay, readmissions (using a patient identifier), complications as a result of surgery, or method of delivery in maternity care. However, there are some limitations to this information. Complications as a result of surgery can be coded using ICD codes, but are likely to be underreported, as providers may be reluctant to volunteer these. Whereas deaths occurring in hospital are likely to be well recorded, and could be used in investigations of complications of care after allowing for 'case mix' (the health of the patients before admission), 6 some, if not most, of these deaths will occur after the patient has left hospital. HES and mortality data are not currently linked, but feasibility studies to see if this could be done in future are being carried out. Information on case mix currently available within hospital activity data is likely to be limited to age and comorbidity (which is variably recorded and may be impossible to distinguish from iatrogenic events).
Coding changes
ICD code changes and the changes in coding rules accompanying them have been recognized to lead to artefactual changes in rates of diseases. 7 As with previous changes of ICD codes, 7 dual coding for mortality (using both ICD9 and ICD10) was carried out in 2000, the year before the change to ICD10, allowing the calculation of conversion factors. However, routine dual coding was not performed for hospital admissions data in the change from ICD9 to ICD10 in 1995. This may make comparisons within HES across the change years of 1994/1995 and 1995/1996 problematic for some conditions. Potential problems also exist in comparing hospital (using ICD10) and mortality data (using ICD9) between 1995 and 2000. Mapping one coding version to the other would be required for such comparisons.
Geographical analyses
From 1991/1992 the HES dataset has been collected by provider (hospital or community trust), 8 but the dataset contains a field for postcode of residence and for both HA of residence and of treatment. For most epidemiological analyses the area of residence is the most relevant, but for some the HA of treatment may be preferred. For example, in analyses of time trends in air pollution the HA of treatment may correspond better to exposure. major changes in the past decade ( Changes in HA boundaries can be identified by consulting the Health Services Yearbook for each year and with help from the Department of Health Statistics Division 2 (SD2). An easier alternative for data requests is to specify the boundaries required so that postcodes can be used to allocate admissions to uniform boundaries.
Postcoded HES data are necessary to define the boundaries of smaller geographical areas. 10 The postcode field is rarely released to individual researchers, to protect patient confidentiality, but special analyses for specified postcodes can be run (at a cost). Two particular areas of concern in using postcodes are postcode changes over time and 'dump postcodes' (where missing or unknown postcodes are assigned to a local postcode such as that of the hospital), which will not be detected using routine quality checks. In geographical studies of small areas, counts by postcode may be needed to check for unexpected gaps or high numbers of observed cases. Problems with postcodes may also affect linkage where patient identifiers are constructed using postcodes.
Hospital admission rates as a measure of community prevalence
Hospital admission rates may not be a good measure of underlying community prevalence at a small area level for all but a limited range of conditions that are easily diagnosed and where there is a consensus on treatment (e.g. myocardial infarction).
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For example, variations in self-reported prevalence of asthma or chronic bronchitis explained only half (54 per cent) of the variation in hospital episodes for these conditions in a study of electoral wards in northern England in 1991. 11 Another study of 90 HAs in England found that socio-economic characteristics, health status and secondary care supply factors explained 45 per cent of the variation in HA admission rates between 1989/1990 and 1994/1995 for asthma and 33 per cent of the variations for diabetes.
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Adjusting for the 'provider effect'
The provider effect can be considered as the part of the variation in admission rates between providers that can be explained by provider-specific factors. Part of this may be artefactual and related to variations in the completeness of the data and coding differences. Other factors include supply of hospital beds, 13 variations in admission policies, hospital access (which tends to be less for less-privileged groups 14 ) , and distance from hospital. 15, 16 The provider effect may also partly encompass general practitioner (GP) referral rates, for example, if these are influenced by admission policies. Other factors influencing admission rates are individual patient decision thresholds to seek medical advice, which are influenced by many psychosocial factors, [17] [18] [19] the quality of primary care, 20 and the prevalence and severity of disease. Observed variations in admission rates may be large, even where providers are adjacent.
Adjustment for completeness of the data using grossing factors is generally not advised for epidemiological analyses, as it may introduce unrecognizable distortions. For example, the quality report for Northern RHA for 1992/1993 (available on request from the Department of Health) stated that one of the most common invalid diagnoses in paediatrics was the inclusion of the neonate nursing codes V29 in the primary diagnosis field. It follows that it would not be valid to adjust the numbers of emergency admissions for respiratory disease in children in the Northern region in 1992/1993 by multiplying by the grossing factor (the inverse of the percentage of missing diagnoses).
We have developed a relatively simple method to incorporate the provider effect into Poisson regression small area analyses. A more complex Bayesian method has been developed to incorporate fixed provider effects with other factors (e.g. general practice factors, distance from hospital and ward level deprivation) to model small area variations in hospital admissions to a number of adjacent providers.
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Interpreting provider performance measures
Performance measures such as surgical mortality rates at different centres will vary for at least four reasons: (1) random variation; (2) the nature and quality of care provided; (3) data quality; and (4) variation in the 'case mix'. A full investigation of these measures therefore requires proper adjustment for the role of chance and case mix in determining performance in each of the centres carrying out similar procedures. To address the question of whether a centre is a genuine outlier or simply appears extreme as a result of chance, the mortality rate has to be estimated for a typical or average centre based on the rates observed in the remaining centres. This estimate takes the form of a distribution giving the relative probability of possible 'true' values for the typical mortality rate. Bayesian hierarchical methods [22] [23] [24] can be used to estimate this distribution for procedure and age. The extent to which the distribution of mortality rates in a centre differs from the distribution of mortality rates expected in a typical or average centre reflects the extent to which it may be viewed as a genuine outlier.
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Effect of NHS reforms
A number of structural changes occurred in the early 1990s, including the 1990 NHS and Community Care Act reforms, introduction of the internal market, the gradual introduction of GP fundholding schemes, hospitals forming provider trusts, hospital mergers and the use of hospital data for contracting purposes. This undoubtedly had an impact on hospital admissions and may affect studies using these years. For example, some researchers reported an increase in the number of transfers between consultants (each transfer being recorded as a separate episode) from 1991. This in part represented improvements in data collection 26 and changes in practice (e.g. the use of admission wards) but may also have included some 'episode inflation'. The changes may also have affected GP referral behaviour 27, 28 but assessments of them were hampered by the almost simultaneous introduction of the 1990 performance-related GP contract and the evolutionary nature of the reforms. 29 It is likely that structural changes introduced in 1997 30 such as the gradual transfer of purchasing to primary care groups will affect both GP referral behaviour and admission rates, but it is difficult to predict the nature and scale of these effects.
Effect of variations in quality on analysis
Although overall quality has improved since the early 1990s, some HA-level data show wide variations, particularly in missing diagnostic codes. These variations are even larger at the level of individual trusts. Data quality can be investigated through Data Quality Indicator reports, available from the Department of Health (and sent to all HAs and providers).
Variations in coverage and missing diagnostic codes will generally need investigation in the following circumstances:
(1) Comparison of trusts. Epidemiological studies may choose to exclude those with high levels of missing data. For example, a study examining national differences in hospital death rates in 1991/1992 to 1994/1995 31 excluded hospital trusts where more than 30 per cent of primary diagnoses were missing. Exclusion may not be possible in certain circumstances; for example, if comparing trusts for performance management purposes when local knowledge, trust-level data quality reports and liaison with the trust concerned may be needed. (2) Investigation of time trends using aggregated data from a small number of trusts; for example, investigation of a disease cluster within an HA or of an environmental hazard. Little has been published on this, but it can be considered as one component of the 'provider effect'.
Variations in coverage and missing codes may not need investigation in the following circumstances:
(1) Variations are usually ignored in daily or weekly time series analyses, as it can be assumed that they are unlikely to vary systematically with the exposure variable (for example, daily air pollution levels). (2) Variations are usually ignored when large aggregations of data are used; for example, at national and probably at regional level. In this case, the variations in completeness and in missing diagnostic codes are likely to occur randomly and therefore to cancel each other out.
(3) Investigation of apparent disease clustering can be particularly sensitive to systematic variations in quality and completeness of the data. 32 However, data from a single trust should be less prone to systematic differences in coding across time or across small geographical areas.
Conclusion
This paper has attempted to give some practical help in the use and interpretation of these valuable but complicated data sources. Hospital activity data always need careful interpretation and may not always reflect the underlying prevalence of disease. Small area studies and comparisons of trusts are particularly vulnerable to bias resulting from variations in quality of the data and the 'provider effect'. The provider effect is made up of a number of components, but statistical methods have been developed to allow for this in analyses. Quality has definitely improved in recent years, but coverage and completeness should still be investigated where trusts are being compared and in small area spatial analyses using hospital data.
